Using an operational numerical weather prediction model at the Japan Meteorological Agency, i.e
primitive equation model***, a preliminary study was made with regard to the numerical simulation of synoptic scale atmospheric motion during the AMTEX '74 period.
As the first phase of the investigation, three cases are taken up for the case study. The first case (Case 1) shows the passage of a moving anticyclone and a cyclone over the East China Sea. The second case (Case 2) is the case of a front passage in the Okinawa area.
The third case (Case 3) is featured by the predominant coverage of the whole AMTEX area by a cold air mass. Calculated patterns of the three cases show, in general, good agreement with observed patterns. The second phase of the investigation elaborates comparison of the synoptic scale sensible and latent heat supplies from the sea surface in the model atmosphere in the cases mentioned above. The bulk aerodynamic method is employed for the estimatin of the sensible and latent heat supplies which are quite sensitive to the synoptic situation.
The model atmosphere also well simulates the day-to-day variation of the supplies. The hour-to-hour variation in the model atmosphere, however, is not moderate as in the case of the real atmosphere, but shows a sharp decrease in the intensity as time advances.
This may be a deficiency of the model in responding to external heating.
The calculated total quantity of heat supplies during 24 hours compares favorably with the preliminary calculation of heat supplies from the AMTEX '74 observation by J. KONDO (1974) . A comparison is made between the 24-hour forecast with the normal sea 'surface temperature and that with the 8-day mean sea surface temperature of 87-28 February 1974 . No appreciable difference is seen in prognostic patterns of• meteorological variables such as pressure, wind velocity, temperature, humidity and quantity of precipitation as far as the 24-hour forecast is concerned. However, the distribution of sensible and latent heat supplies shows a significant discrepancy between the two cases.
Introduction
Since October 1, 1973, a six-level, fine-mesh, limited area primitive equation model has been in operational use at the Japan Meteorological Agency as one of the two models for routine numerical weather prediction.
Description of the 6L-FLM is given in the AMTEX Report No. 3 (1973) , and also in more detail in the Appendix attached to the Periodic Report on Numerical Weather Prediction, XIII (1973) issued by the Japan Meteorological Agency. Formulation of the physical processes employed in the model is given in the appendix to the present paper. ample of the problem to be solved. Under these circumstances, we are now concentrating on improvement of the physical processes in the model and refinement of the computational technique.
As apreliminary survey on the simulation of synoptic scale motion over the AMTEX area, we will present in this paper the results of the prognosis by the 6L-FLM and examine the simulated procedure of large scale air-mass modification in the model atmosphere. Special emphasis is put on the verification of the calculated sensible and latent heat supplies from the East China Sea against the observation obtained during the AMTEX '74 period.
The bulk aerodynamic method is used in the present model for the estimation of the supplies. Relatively speaking, the bulk method is considered to be a useful parameterization of the turbulent transfer process in the surface boundary layer. In the present study, we aim at examining the time sequence of the heat supplies in the model atmosphere and comparing the calculated daily total of the heat supplies with the preliminary observation obtained by KONDO (1974) .
The initial value for numerical weathr prediction did not take account of the special observation of AMTEX except two radiosonde soundings transmitted via operational telecommunication line. Fig. 1 shows the location of the AMTEX area in the forecast domain of 6L-FLM.
In the present paper, the performance of the model in simulating synoptic scale atmospheric motion is first examined. We took up three cases for case study and the results are presented in section 2. Section 3 illustrates the distribution of air-ocean exchange of sensible and latent heats. Problems associated with accurate incorporation of the air-mass transformation process in the numerical model are discussed in section 4.
Case studies
The following three cases are taken up as examples of case study ; Case 1: 00 GMT 18-00 GMT 19 Feb. 1974 , Case 2: 00 GMT 23-00 GMT 24 Feb. 1974 , Case 3: 00 GMT 26-00 GMT 27 Feb. 1974 In the first case (Case 1), a moving anticyclone passed over the East China Sea towards the east and a cyclone developed afterward. Weather over the AMTEX area was generally fine on these two days. This case is chosen as one of the cases in which the air-ocean interaction was relatively inactive.
As is shown in Fig. 2 , the model reproduced rather well the actual change of atmospheric motion except the speed of cyclone movement. As to the forecast amount of precipitation, comparison is made between the two cases (Fig. 3) . The one was calculated under a constraint on the maximum values of sensible and latent heat supplies, and the other free from them. The constraint is actually posed on the difference between the sea surface temperature, Tsp., and the air temperature at the lowest level, Tair, as I Tsea-Tair I <10°C.
We may say that the calculated quantity of precipitation is considerably influenced by assumptions on the physical processes in the model atmosphere. Especially, the area of rainfall may be easily expanded or shrunk depending on the assumption. As is well known, the observed amount of rainfall is usually ten or more times larger than that calculated.
In view of the differences in the physics of rainmaking between the real and the model atmosphere, we may say that the quantity of precipitation is naturally smaller in the calculation.
The second case (Case 2) is concerned with the passage of a pronounced frontal system through the Okinawa area 23rd. The cold air outbreak began afterward.
We took up this case in order to examine the simulation of the front passage and to estimate the heat transfer from the sea surface at the initial stage of the remarkable air-mass transformation.
As is seen in Fig. 4 , the model predicted the movement of the cold front with The small cyclone to the south of Japan is also well simulated in the prognosis.
As to the forecast of precipitation, the similar comments as in Case 1 may made (Fig. 5 ).
Next, we will proceed to Case 3. Here, the anticyclone from the continent pushed out the cold air mass over the East China Sea and the western Pacific. A notable thermal modification of the air was taking place. Therefore, we adopted this case as a typical one for the air-mass transformation.
The diagnostic study in the following sections is concentrated on Case 3. As is seen in Fig. 6 , the synoptic situation is well reproduced in the prognostic charts, The approach of the cold air mass to the AMTEX area is also predicted (Fig. 7) .
It should be noted that a conspicuous downward current predominated in the upper and middle troposphere over the East China Sea and the Sea of Japan, where active upward transport by convection of sensible and latent heat was taking place. As will be mentioned later, this downward motion had a remarkable effect one the convection activity in the lowest layer of the model atmosphere.
In other words, the existence of strong downward velocity evidently distinguishes the effect of the convection group in the middle latitudes from that in the low latitudes.
Over the East China Sea and the Sea of Japan, the planetary boundary layer is moist due to active vertical transport of water vapor as well as sensible heat under the outburst of a cold and dry air mass from the continent over the warm sea. Thus, we often observe bad weather there. This trend is indicated in the prognostic chart of precipitation in the case of no constraint ( Fig. 8(b) )
In order to demonstrate the effect of the non-adiabatic heating from the sea surface, we calculated again Case 3, excluding sensible and latent heat supplies. We found remarkable differences in the surface pressure field (Fig. 9 ) and the temperature field (Fig. 10 ) between the cases with and without heat supplies. Especially, over the southern part of the East China Sea, we see that the case excluding heat supplies showed higher surface pressures with a maximum difference of more than 4 mb and lower temperatures at the 850 mb level with a maximum deviation of more than 3°C, than the case including heat supplies. Needless to say, prognostic charts in the case with heat supply aer superior to those without.
Distribution and variation of sensible and latent heat supplies
The amount of sensible and latent heat supplies from the sea surface into the model atmosphere during 24 hours is summed up for Cases 1, 2 and 3, respectively (Figs. 11 and 12) . First of all, we notice that the distribution of latent hea supply as well as sensible heat supply is quite changeable on the daily basis, depending on an overlying synoptic situation.
In Case 1, relatively warm air covers the East China Sea. On the other hand, in Case 2, predominant cold air comes down toward the south to cover the Yellow Sea, the East China Sea and the Sea of Japan. Therefore, the sensible and latent heat supplies show sharp increase in intensity over an area where the difference between the surface-air and sea-surface temperatures is largest.
As we had expected, Case 1 received minor heat supplies from the sea surface, while Cases 2 and 3 obtained quite a large amount of heat. Furthermore, we may notice that the distribution of heat supplies at the initial stage of the outbreak (Case 2) differs remarkably from that at the mature stage (Case 3). At the former stage, the maximum of the computed sensible heat supply becomes more than 6001y/day.
The zone of strong heat supply lies over the northern part of the East China Sea and the western part of the Sea of Japan. This indicates the active warming of the fresh cold air mass just after leaving the continent.
On the other hand, as the cold air mass comes to cover the ocean completely (i.e. at the latter stage), the maximum value of sensible heat supply decrease and the zone of active supply shifts southward to cover the southern part of the East China Sea. This indicates a feature of the air-mass transformation process over the warm sea. As the cold air mass spreads out further over the sea, the gradually moidfied air mass results in a maximum temperature difference between the air and the ocean at the sea surface over near the Kuroshio current rather than over the northern part of the East China Sea where the maximum temperature difference was observed at an earlier stage.
It is really interesting to compare the heat supplies experienced by the model atmosphere (Figs. 11 and 12) with those based on the heat budget method (KoND0, Although KONDO'S estimate is not a final result, we may say that the agreement of the two heat supplies over the AMTEX area is satisfactory.
Next, in order to investigate the thermodynamic reaction of the model atmosphere to the external heat source, we examined the 1-hour accumulated amount of calculated sensible heat supply for 24 hours in Case 3. We notice that the quantity of the supply decreases sharply with the advance of time. When we compare the 1-hour accumulated amount of calculated sensible heat supply from HR23 to HR24 on 26th with that from HRH to HRO1 on 27th, we see that the former is less than half of the latter, though these two should be close to each other because of proximity of time.
This discrepancy may be attributable firstly to the fact that at first the extrapolated surface air temperature from the above two levels (i.e., 800 and 900 mb) was rapidly warmed up as time advanced, mainly due to the rise of the temperature at the 900 mb level, and secondly to the fact that the supplied heat was not transported sufficiently above the 800 mb level into the middle troposphere.
The first defect may be eliminated by changing the method of estimating the surface air temperature, but the second is more serious, being closely associated with the parametrization of convective activity in group in the model atmosphere. be a useful parameterization of the surface boundary layer. It should be remarked that the coefficient used in the bulk method is not unique, but largely depends on the estimated surface wind speed. Consequently the total amount of daily heat supplies in the model atmosphere may vary as we modify the calculated wind speed at the surface.
In order to make the response to the heating be moderate, we have first to stabilize the magnitude of heat supplies per unit time in the model atmosphere.
As was mentioned earlier, we have to improve the method of estimating the surface air temperature, Tair. For the present, we obtain Tair from T800 and T.9 by a linear extrapolation formula.
In this particular atmosphere, the air at the 900 mb level tends to be quickly warmed up due to the vertical transport of sensible heat, while the temperatures at the 800 mb and above it do not change appreciably.
Thus, the estimated surface air temperature is readily influenced by the increase of T900 and rapidly leads to high temperatures.
This results in a sharp decrease in sensible and latent heat supplies from the sea surface according to the bulk method formula employed in the present model.
As to the modification of the air at the 800 mb and above it, we have to improve the parameterization scheme of the ensemble effect of convection so that more sensible heat and water vapor be transported up into the middle troposphere. According to the observational studies (e.g., NINOMIYA, 1968) , in the air-mass transformation process under the outburst of cold air over the Sea of Japan, even the air at the 600 mb level is warmed and moistened.
Furthermore, upward motion is observed over the Sea of Japan, while 6L-FLM mostly yields downward motion.
Therefore, in the model atmosphere of 6L-FLM, the air at and above the 800 mb tends to be more and more dry as time advances.
The distribution of spots where moist convection took place during the 24 hours indicates its maximum occurrence over the southeastern part of the Sea of Japan along the Japanese main island and the eastern part of the East China Sea.
Presumably, the convection in this case is actually more penetrative than that simulated in the model atmosphere of GL-FLM. We are now aiming at the refinement of the convection parameterization in the following directions : (1) to let the convective transport be more penetrative, (2) to incorporate the effect of mechanical turbulence.
In summary, as far as the large scale numerical modeling is concerned, we feel that the present bulk method is good enough for parameterizing the effect of the surface boundary layer. On the other hand, the method for taking account of the transporting or maxing mechanism in the upper planetary boundary layer and above it is not satisfactory. Furthermore, we should point out the importance of the difference in the mechanism of convective transport between the middle latitudes and the lower latitudes.
For the consideration of the numerical modeling of the air-mass transformation process, further studies regarding the behavior of the model atmosphere are needed. For example, we have to make a comparison of the temperature change in the lower atmosphere between calculation and observation. The magnitude of terms in the thermal equation is also a measure of simulation indicating the extent to which the numerical modeling achieves. Investigation involving these aspects will be reported later.
Finally, let us look at the deviation of the sea surface temperature in February 1974 from the normal (Fig. 13) . Generally speaking, as is shown in Fig. 13 (c) , the sea surface temperature in this February was colder than the normal in the northwestern part of the East China Sea and the southern part of the Sea of Japan, while it was warmer along the Kuroshio current.
The deviation, however, hardly changes the predicted pressure and temperature patterns. Thus, when one is interested only in the short-range prognostic charts of synoptic scale patterns, one need not be worried about the fluctuation of the sea surface temperature.
For Case 3, in which the airmass transformation is more active than in any other case, we confirmed this fact. On the other hand, if the distribution and the magnitude of the heat supply are in question, the deviation is crucial in determining the configuration of the distribution (compare Fig. 14 with Fig. 11(c) ). Furthermore, for the study and simulation of the behavior of medium scale and meso-scale disturbances and the related local weather phenomena, the specification of the real sea surface temperature may conceivably be significant.
Extended forecast may be another example which needs the updated sea surface temperature. 
a) Friction
The exchange of momentum between air and earth's surface in the surface layer is expressed by the stress vector s-77,=pC1V.IV",, where C'D=0.7C"n (which is specified later in c)(i)) and V. is the wind vector at Z=Zin. Practically, V. is estimated by an extrapolation formula from wind at adjacent upper levels under the assumption that V. blows towards lower presure area with a certain angle to V6(i.e., V950). The absolute value of Vm, I V.1, on the right hand side is assumed not to be less than 2 m/s
